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Yellow Fever Vaccination in Malaya
by Subcutaneous Injection and Multiple Puncture

Haemagglutinin-inhibiting Antibody Responses in Persons
With and Without Pre-existing Antibody

C. E. GORDON SMITH,' DOLORES A. McMAHON 2 & L. H. TURNER3

In view of the risk of introduction of yellow fever into South-East Asia, comparative
studies have been made of yellow fever vaccination in Malayan volunteers with a high
prevalence of antibody to related viruses and in volunteers without related antibody. In
a previous paper the neutralizing antibody responses of these volunteers were reported.
The present paper describes the haemagglutinin-inhibiting (HI) antibody responses of the
same groups ofvolunteers and discusses the relationship ofthese responses to the neutralizing
antibody responses.

The HI responses to yellowfeverfollowing vaccination closelyparalleled the neutralizing
antibody responses whether vaccination was subcutaneous or by multiple puncture.
Volunteers with a high level of YF HI antibody due to infection with other group B viruses
were found to be less likely to show a significant YF HI response than those without anti-
body. 90 % ofHI responses could be detected by the 21st day after vaccination.

As with neutralizing antibody responses, volunteers given vaccine doses of50-500 mouse
intracerebral LD60 subcutaneously gave greater responses than those given higher doses.

The neutralizing antibody responses of Malayan
volunteers to yellow fever vaccination have already
been described (Smith, Turner & Armitage, 1962).
The present paper describes the haemagglutinin-
inhibiting (HI) antibody responses of the same
volunteers and the relationship of these responses
to the neutralizing antibody responses.

MATERIAL AND METHODS

The vaccine, viruses and procedures have been
described in the earlier paper," except for the HI test.
Except where otherwise stated, the yellow fever
(YF) antigen was made with the French neurotropic
(FN) strain. Antigens were prepared by centrifuga-
tion of infected suckling-mouse-brain suspensions in
pH 9 borate-buffered saline at 13 000 r.p.m. for
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1 hour in the cold in a Sorvall angle centrifuge (or a
Spinco centrifuge in London). They were stored at
4°C. Sera were extracted twice with acetone in the
cold. The methods were essentially those of Sabin
(1956).5 Perspex MRC-pattern plates were used.
Serum-virus mixtures were incubated for 1 hour at
room temperature before addition of the erythrocyte
suspension. Sedimentation of the erythrocytes also
took plact at room temperature. In the tests carried
out in Kuala Lumpur 1-day-old chick erythrocytes
were used. In the tests carried out in London, goose
erythrocytes were used. Titres are expressed as the
reciprocal of the serum dilution inhibiting 8-16 units
of antigen.

VOLUNTEERS

The volunteer groups have been fully described
in the earlier paper-(Smith et al., op. cit.). Briefly
they were:

1. Kinrara group. 35 Malayan troops vaccinated
subcutaneously with 9000 mouse intracerebral LD50
of 17D vaccine (Batch No. 2416).

6 Sabin, A. B. (1956) Dengue. In: American Public
Health Association, Diagnostic procedures for virus and
rickettsial diseases, 2nd ed., New York, p. 383.
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TABLE 1
YELLOW FEVER HI RESPONSES IN MALAYAN VOLUNTEERS IN RELATION TO THE

PRE-VACCINATION LEVEL OF YELLOW FEVER HI ANTIBODY

Volunteer group | Pre-existing Proportion Response rate resPjnseVolunter_grou titre responding (% (-fpold)

1. Kinrara < 10 3/3 100 64

10-40 3/4 75 4

9 80 19/28 68 4

Total 25/35 71 4

2. Institute < 10 5/7 71 8

10-40 19/23 83 8

3 80 1/10 10 < 4

Total 25/40 63 4

4. Multiple < 10 3/5 60 4
puncture

10-40 7/9 78 8

>80 2/22 9 < 4

Total 12/36 33 < 4

Total < 10 11/15 73 8

10-40 29/36 81 8

980 22/60 37 < 4

Total 62/111 [ 56 4

2. Institute group. 40 Asian members of the staff
of the Institute for Medical Research, Kuala
Lumpur, vaccinated subcutaneously with 1300 LD50
of vaccine (Batch No. 2727).

3. Previously vaccinated group. 8 members of the
staff of the Institute who had been previously
vaccinated up to 5 times with 17D vaccine 1-14 years
previously; this group was vaccinated along with
group 2.

4. Multiple puncture group. 36 recruits at the
Malayan Police Depot vaccinated by multiple
puncture, for reasons discussed in the previous paper,
with a suspension of vaccine (Batch No. 2798) con-

taining 130 000 LD50 per ml.
5. Titration groups. (a) Malayan group: 28

Malayan police vaccinated subcutaneously with
53 000, 5300, 530 or 53 LD50 of vaccine (Batch
No. 2864); (b) British group: 27 British students

and soldiers with no previous exposure to group B
arthropod-borne viruses, vaccinated subcutaneously
with 5000, 500, 50 or 5 LD50 of the same batch. The
vaccine used was obtained from the South African
Institute for Medical Research, Johannesburg.

Sera were collected before vaccination and at
intervals thereafter. They were stored frozen at
- 200C until tested. All sera from the same volunteer
were tested in the same test.

RESULTS

Table 1 shows the maximum HI antibody res-
ponses detected in groups 1, 2 and 4 in relation to
the level of YF HI antibody before vaccination. Of
the subcutaneously vaccinated groups (groups 1 and
2) 71 % and 63% had 4-fold or greater increases in
YF HI antibody, as compared with 83% and 78 %,
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respectively, with significant neutralizing anti-
body responses. On the other hand, only 33 % of
the group vaccinated by multiple puncture (group 4)
had such responses, as compared with 31 % with
neutralizing antibody responses. There was a general
tendency for volunteers with a high pre-vaccination
HI level to show less response than volunteers with
low or absent YF HI antibody. The response rate
was greater in those with initial YF HI titres of
<80 than in those with higher initial titres: in
group 2, the rates were 80% and 10% respectively;
in group 4, 71 % and 90%; and in all groups com-
bined, 78 % and 37 %. The median responses were
also higher in volunteers with initial HI titres of
<80 than in those with higher initial titres.
Table 2 shows the prevalence of YF and hetero-

logous HI responses in relation to pre-existing HI
antibody to Japanese encephalitis (JE) and dengue.
The first two groups were tested against both
dengue-l (Hawaii) and dengue-2 (New Guinea C),
but so little difference was found that further HI
tests were limited to dengue-1. The results are stated
in terms of dengue-l. Although the numbers of
Malayan volunteers with pre-existing antibody only
to JE or dengue or to neither were small, almost all
(13 out of 16 or 81 %) gave a 4-fold or greater res-
ponse to YF. Significantly fewer (only 49 out of 95
or 52%) of those with pre-existing antibody to both
JE and dengue gave such a response. The difference
is not, however, significant if the volunteers in the
multiple puncture group, almost all of whom had
antibody to both JE and dengue, are excluded.

Heterologous responses to JE were 11 % less
frequent than homologous responses (8-15 % in
different groups), but the median responses did not
differ significantly. Heterologous responses to
dengue were only 4% less common (3-7% in different
groups). There were significantly fewer responses
to JE than to YF, but the difference between the
prevalence to JE and dengue was not significant.
Among the responding volunteers in group 1,

whose sera were tested 7, 14, 21 and 42 days after
vaccination, the HI responses to YF had occurred
in 1 (4 %) by the 7th day, in 8 (32%O) by the 14th day,
and in 21 (84%) by the 21st day; the remaining 4
(16%) showed HI responses on the 42nd day:
Among the volunteers in group 2, whose sera were
tested 21 and 60 days after vaccination, 24 (96 %) of
those who responded had done so by the 21st day
and only 1 other by the 60th day. Thus 90% of all
those who had HI responses could be detected by
the 21st day after vaccination. The volunteers in

6

..

0

0
a
0
C
0

0

00,

0

I

0

.0
-0.0
C
oE

CD
CI
04._20
X

00

C
C

3

0

0

0

0

,o

C

0
CL

L_

LL

U0
LU
(I)

LU
F-

LU

0

0
LU0o

aU,

z LU

-I
Z F.

c,)
-LU

en0

XC,)UJZ
LUO
X on

LU

F°I-

LU -cn).J F-:

z J
zo

_j D

co

LUZ

I-
z D
0:
LU

<LU

-Zzz

L <

z
0U)LU

LU -

0

-a
-I

LU

>r

YE
Jx

0

0

0

a

LU

0

4)

a

C

4)
a

z

cm

-0
Z c°

0a

00

O s
00

0
CI..

;60 7
.0

'X0

0
CL )'

0.S
ro0

C C

0.

.0
C
0
0
0

Ca

L0

a.

00
a

L-

0

;



C. E. G. SMITH, D. A. MCMAHON & L. H. TURNER

TABLE 3
COMPARISON OF ANTIGENS AND METHODS FOR TESTING Hi ANTIBODY RESPONSES

IN THE TITRATION GROUPS

Vaccinedose Proportion Response Overnight MixtureToa
Volunteer group (LDso) responding rate (%) incubation at dilution Total

(LDso

N 17DFN 40C method (all methods)

5 (a). Malayan 53000 6/7 5/7 86 6/7

5 300 6/7 5/7 86 7/7

530 6/7 7/7 86 7/7 100%

53 7/7 7/7 100 7/7 1

5(b). British 5000 4/4 100 4/4

500 4/7 57 2 2 6/7 84 %

50 6/8 75 0 0 6/8

5 3/8 38 1 1 4/8

group 4 were tested only at 28 days, but as less than
5% would have failed to respond by this time, the
low response rate (33%) is not attributable to this
factor. No difference in timing was detected between
homologous and heterologous HI responses.
Of the 18 volunteers in group 2 who had signifi-

cant YF HI responses and whose sera were tested up
to 354-386 days after vaccination, only 3 showed a
4-fold or greater fall in HI titre below the maximum
level. Only one (with a pre-vaccination titre of < 10
and a maximum titre of 20) became negative ( <10).
In the same volunteers, only 3 with significant heter-
ologous responses showed a 4-fold or greater fall in
these (2 with JE and 1 with dengue).
The previously vaccinated volunteers were tested

for YF HI antibody. Two had no pre-existing YF
HI antibody, and the remainder had titres from 10 to
320. Only 2 had YF HI responses (<10 to 10;
10 to 80). One showed no change in a <10 titre;
this volunteer also showed no significant change in
titre in his neutralizing antibody level, which was
high before vaccination.

Table 3 shows the results in the titration groups.
Over comparable dosages (50-5300 LD50) there was
no significant difference in the prevalence of res-
ponses. The Malayan group was simultaneously
tested with antigens prepared from the FN and 17D
strains of YF, and no significant difference in the
prevalence of responses was found. The British
group was tested by the standard method (1-hour
incubation of serum-virus mixtures at room tem-
perature) with FN antigen, and those volunteers who

failed to respond were then tested by overnight
incubation of serum-virus mixtures at 4°C. A further
3 positive responses were demonstrated. The re-
maining negatives were retested by the mixture
dilution method (incubation of extracted serum with
64 units of antigen at room temperature for 1 hour,
followed by dilution and addition of cells) but no
further responses were found.

Table 4 shows the degree of response against
similar FN and 17D antigen concentrations in the
Malayan titration group. Although there was no
significant difference between the proportion of
positive responses with the two antigens, the degree
of response was significantly (P <0.01) higher with
both antigens in those who had received lower doses
of vaccine (530/53 LD50) than in those who had
received higher doses (53 000/5300 LD50). This corre-
lates with the better neutralizing antibody responses
in this group reported in the previous paper (Smith
et al., op. cit.). The numbers were too small in
comparable dose-groups of British volunteers for
comparable differences to be established. The pro-
portions with heterologous responses are also shown
in Table 4. JE responses were significantly more
frequent with lower doses than with high doses. The
same tendency was seen with dengue responses, but
the difference was not significant.
The HI antibody responses of the Malayan

volunteers who received at least 53 LD50 of vaccine
(including the multiple puncture group) are com-
pared with the neutralizing antibody responses of
the same volunteers in Table 5.
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TABLE 4
TITRATION GROUP, MALAYAN VOLUNTEERS: DISTRIBUTION OF HI RESPONSES

TO TWO YELLOW FEVER ANTIGENS IN RELATION TO VACCINE DOSE;
AND HETEROLOGOUS HI RESPONSES IN RELATION TO VACCINE DOSE

Vaccine dose Yellow fever 1 Response (-fold) Heterologous responses
(LDso) antigen < 4 f 4 8 16 32 JE Dengue

FN 2 7 4 1
53 000/5 300 6/14 5/14

17D 4 5 2 3

FN 1 1 4 6 2
530/53 12/14 9/14

17D 3 4 2 5

FN 3 8 8 7 2
Total 18/28 14/28

17D 4 8 6 5 5

TABLE 5
COMPARISON OF YELLOW FEVER HI

AND NEUTRALIZING ANTIBODY RESPONSES
IN MALAYAN VOLUNTEERS

YF neutralizing antibody
YF HI antibody responses

responses
< 1.5 log > 1.5 log

< 4-fold 33 14 47

> 4-fold 9 83 92

Totals 42 97 139

Of the 14 volunteers with neutralizing but not HI
antibody responses, 10 had initial HI titres of 80 or

more, which have been shown above to give a lower
probability of an HI response. All of them had HI
antibody to both JE and dengue, and all had high
titres of neutralizing antibody against one or more of
the heterologous viruses. Of the 9 volunteers with HI
but not neutralizing antibody responses (<1.5 log),
all had neutralizing antibody titres of 0.9 log or

more and 4 had titres of 1.3 log or more. Allowing
for a margin of error in both tests, the agreement
between them was very good (116 out of 139 or

83 %) and the differences were mostly either marginal
(3 %) or attributable to high pre-vaccination HI
titres (7 %).

CONCLUSIONS

1. The prevalence of HI responses to yellow fever
in volunteers vaccinated subcutaneously or by
multiple puncture closely paralleled the prevalence
of neutralizing antibody responses.

2. There was a tendency for the prevalence and
degree of response to be lower in volunteers with a
high level of pre-existing YF HI antibody due to
infection with other group B arthropod-borne
viruses, and probably in persons previously vacci-
nated against yellow fever.

3. Heterologous HI responses to dengue were
commoner than those to JE, but both were less
common than YF responses.

4. 90% of the HI responses could be detected by
the 21st day after vaccination. Only 3 of 18 volun-
teers showed a significant fall in YF HI antibody
about a year after vaccination.

5. No difference was found using antigens pre-
pared from 17D and from French neurotropic
strains of yellow fever.

6. Overnight incubation of serum-antigen mix-
tures at 4°C will reveal a few more responses than
incubation at room temperature for 1 hour.

7. As with neutralizing antibody responses,
volunteers given vaccine doses of 50-500 LD50 sub-
cutaneously gave larger responses than those given
higher doses.
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R12SUMIt

En raison du risque d'introduction de la fi6vre jaune en
Malaisie, les auteurs ont vaccin6 des volontaires par
diffrentes techniques et en utilisant des doses diff6rentes
de vaccin 17 D. Les serums de ces sujets ont ensuite fait
l'objet de recherches serologiques.
Le present article traite des r6ponses-anticorps inhi-

biteurs de 1'hemagglutination (IH) chez les volontaires
dont les r6ponses-anticorps neutralisants ont &6 rappor-
tes dans un precedent travail. L'importance des reponses-
anticorps IH etait parallele a celle des reponses-anticorps
neutralisants, que la vaccination ait ete sous-cutanee ou
pratiquee a l'aide de pressions multiples. Les volontaires
poss6dant avant la vaccination un haut titre d'anti-
corps IH (haut titre dfi a une infection anterieure par
d'autres virus du groupe B transmis par les arthropodes)
ont en g6neral presente, en ce qui concerne les r6ponses IH
& la fievre jaune, des augmentations du titre inferieures £L
celles observees chez les sujets ayant, avant la vaccination,
un taux bas ou nul de ces anticorps. Les reponses-anti-

corps IH heterologues aux virus de l'enc6phalite japonaise
et de la dengue ont ete moins frequentes que celles A la
fievre jaune. 90 °/ des r6ponses IH A la fi6vre jaune ont pu
etre mises en evidence autour du 21e jour suivant la
vaccination.
L'on n'a pas trouv6 de difference significative entre la

reponse-anticorps aux antigenes IH sur 6chantillons
couples de serums de la souche 17 D et de la souche
neurotrope francaise de fievre jaune. Si l'on procede a
l'incubation de melanges de s6rum et d'antigenes a 40 C
pendant une nuit avant d'ajouter les erythrocytes, l'on
enregistre un nombre un peu plus elev6 de reponses-
anticorps que lorsque l'incubation a lieu pendant une
heure a la temperature du laboratoire.
A l'instar de ce qui a W observ6 pour les rnponses-

anticorps neutralisants, les volontaires ayant recu par
voie sous-cutan6e des doses de vaccin de 50 a 500 LD50
ont foumi des reponses-anticorps IH plus grandes que
ceux ayant requ de plus fortes doses.
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